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1. 

POSITONINGAPPARATUS AND SCANNING 
PROBE MCROSCOPE EMPLOYING THE 

SAME 

RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. S 119 to 
Japanese Patent Application No. JP2007-144364 filed May 
31, 2007 and Japanese Patent Application No. JP2008 
122675 filed May 8, 2008, the entire content of which is 
hereby incorporated by reference. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to a positioning apparatus 

that positions a subject by moving the Subject by using a drive 
element in a first direction, a second direction that is orthogo 
nal to the first direction and a third direction that is orthogonal 
to the first direction and the second direction and a scanning 
probe microscope including the same. 

2. Description of the Related Art 
The scanning probe microscope is a system including a 

cantilever having a sharpened probe at the free end and a 
movement mechanism that finely moves the relative positions 
of the cantilever and a subject (which will be called sample 
hereinafter) and detects the displacement of the free end of the 
cantilever due to the interaction between the distal end of the 
probe and the sample and, at the same time, scans the sample 
Surface with the probe in a plane direction containing a first 
direction (which will be called X-axis direction hereinafter) 
and a second direction (which will be called Y-axis direction 
hereinafter), which is orthogonal thereto, that is, in the plane 
direction that is horizontal to the sample surface (which will 
be called XY directions hereinafter) to three-dimensionally 
measure the information on the Surface form or a property of 
the sample. In measuring the Surface form of the sample by 
means of the scanning probe microscope, the Surface form of 
the sample is measured based on the stroke in the direction 
that is orthogonal to the XY directions, that is, in the direction 
that is vertical to the sample surface (which will be called 
Z-axis direction) by Scanning in the XY directions and mea 
Suring the space between the sample and the probe from the 
amount of deformation of the cantilever and moving the 
probe in the Z-axis direction Such that the spacing between 
the sample and the probe can be kept constant (refer to Web 
Site of Japanese Patent Office, HOMED-Shiryoshitsu (Sonota 
Sanko Joho)>Hyojungijyutsu-Shu-Hyomenkouzou no Gen 
shi Ryoiki Bunseki (Gijyutsu Naiyo. FIGS. 1 and 2), for 
example). 
The movement mechanism of the scanning probe micro 

Scope may often be a positioning apparatus including a piezo 
electric element. Since the surface form is tracked and is 
measured by moving the relative positions of the sample and 
the probe, the positioning apparatus for use in the scanning 
probe microscope is only required to scan the sample Surface 
at a predetermined velocity in the XY directions. However, 
since the fine concaves and convexes on the sample Surface 
must be tracked in the Z-axis direction, a faster responsivity at 
Some slopes on the sample Surface may be required than the 
one for the XY directions. 

However, the responsivity of the positioning apparatus that 
drives in the multiple axial directions depends on the reso 
nance frequency of the entire positioning apparatus including 
not only the mechanism for movement in the axial direction in 
which fast driving is desired but also the mechanism in the 
axial direction for slower driving, which are included in the 
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2 
positioning apparatus. Therefore, in a case of the positioning 
apparatus with a combination of multiple axes, the fast driv 
ing in a specific direction is not allowed. 

Thus, in a conventional Scanning probe microscope, to 
improve responsivity of the Z-axis direction, method to sepa 
rate to a sample side and a cantilever side in binary movement 
mechanism of XY direction and the Z-axis direction is dis 
closed by JP-A-10-339735. Also, for similar purpose, a coun 
terbalance method to attach a drive element to cancel the 
reaction to the movement mechanism for fast driving is dis 
closed by JP-A-2001-330425. However, the former example 
may have a problem that the displacement of a sample may 
occur when the sample is driven in the XY directions or that 
a large mass sample may not be driven fast in the XY direc 
tions since the resonance frequency is reduced inversely with 
the /2 power of the mass. The latter example may have a 
problem that two power Supplies or a power Supply having a 
double capacity may be required since the double amount of 
current is required for driving drive elements one of which is 
added for counter-balance. 

It is an object of the invention to provide a positioning 
apparatus, which drives in multiple axial directions and is 
Suitable for a scanning probe microscope, for preventing the 
decrease in resonance frequency in the axial direction Subject 
to fast driving due to the crosstalk caused by a combination of 
a movement mechanism to be driven fast and a movement 
mechanism to be driven slow and improving the responsivity 
in the axial direction Subject to fast driving by improving the 
controllable frequency band as a whole Such that fast mea 
Surement can be allowed, and a scanning probe microscope 
employing the positioning apparatus. 

SUMMARY OF THE INVENTION 

The first invention of the present application is a position 
ing apparatus including a Substantially plate-shaped stage 
unit arranged in first and second directions (which will be 
called XY directions hereinafter), the stage unit having a 
Substantially square form in plane geometry Substantially at 
the center of the plane including the first direction (which will 
be called X-axis direction hereinafter) and the second direc 
tion (which will be described Y-axis direction) orthogonal to 
the X-axis direction and having a unit to be driven in the XY 
directions having a first elastic Support that bends in the 
X-axis direction at least on one side of the square form and a 
second elastic support that bends in the Y-axis direction at 
least on one side orthogonal to the side, a first drive element 
(which will be called drive element in the X-axis direction) 
that expands and contracts in the X-axis direction and has one 
end that presses the first elastic Support, a second drive ele 
ment (which will be called drive element in the Y-axis direc 
tion) that expands and contracts in the Y-axis direction and has 
one end that presses the second elastic Support, a third drive 
element (which will be called drive element in the Z-axis 
direction) that expands and contracts in the third direction 
(which will be called Z-axis direction) orthogonal to the 
X-axis and Y-axis directions and has one end on a first Surface 
side of the unit to be driven in the XY directions, and a support 
unit that Supports the stage unit in the XY directions so that a 
Surface facing against a second Surface facing against the first 
surface where the drive element in the Z-axis direction is 
placed on the stage unit in the XY directions can face in 
parallel against the second Surface, wherein a subject (which 
will be called sample) is mounted on the end of the drive 
element in the Z-axis direction on the opposite side of the unit 
to be driven in the XY direction, and the sample is positioned 
by moving the sample in the X-axis, Y-axis and Z-axis direc 



US 8,001,831 B2 
3 

tions by causing the drive elements in X-axis, Y-axis and 
Z-axis directions to expand and contract in the respective 
directions, and the positioning apparatus has a space of a 
predetermined thickness between the Surface corresponding 
to the unit to be driven in the XY directions at least of the 
second surface of the stage unit in the XY directions and the 
facing Surface of the Supportunit that faces against it, and the 
space is filled with a viscosity agent. 
A fixing unit is placed on the unit to be driven in the XY 

directions through first and second elastic Supports. The unit 
to be driven in the XY directions, the fixing unit and the first 
elastic Support and the second elastic Support have an integral 
structure, which is produced from a single metallic block, and 
the top surface and bottom surface in the Z-axis direction of 
each of them are preferably one seamless plane. The integral 
molding can be achieved by electrical discharge machining. 
The drive element in the Z-axis direction is bonded and 

fixed onto the first surface of the unit to be driven in the XY 
directions. The drive element in the Z-axis direction is fixed 
within the vertical line from the outer edge of the surface of 
the unit to be driven in the XY directions, which faces against 
the supportunit, to the Z-axis direction. The barycenter of the 
drive element in the Z-axis direction is desirably positioned 
immediately above in the Z-axis direction of the barycenter of 
the unit to be driven in the XY directions. 

The second invention of the present application is the posi 
tioning apparatus, wherein the thickness of the space is 5 to 50 
um. More preferably, it is 10 to 30 Lum. 

If the space is thicker than 50 Lim, a viscosity agent therein 
flows since the space between the stage unit in the XY direc 
tions and the Supportunit is too large. Then, in driving in the 
Z-axis direction, the unit to be driven in XY directions 
vibrates in the Z-axis direction, and the amplitude in the 
Z-axis direction of the unit to be driven in the XY directions 
increases, which is not preferable. If the thickness of the space 
is Smaller than 5um, it is difficult to inject a viscosity agent, 
which is not preferable. 

The third invention of the present application is the posi 
tioning apparatus, wherein a spacer is provided between the 
second Surface corresponding to the part excluding the unit to 
be driven in the XY directions and excluding the first and 
second elastic Supports in the stage unit in the XY directions 
and the facing Surface of the Supportunit, and the thickness of 
the spacer is equal to or Smaller than 50 Lum and is larger than 
r+(Rzb-i-Rzh)+2 where the diameter of fine particles con 
tained in the Viscosity agent is r, the maximum height indi 
cating the Surface roughness of the second Surface of the unit 
to be driven in the XY directions is Rzh and the maximum 
height indicating the Surface roughness of the facing Surface 
of the supportunit is Rzb. 

In this case, Rzh is the maximum height of the concaves 
and convexes of the second surface of the unit to be driven in 
the XY directions, and Rzb is the maximum height of the 
concaves and convexes of the Supportunit, which faces there 
against. Both of them indicate the Surface roughness. They 
are expressed by the sum of the height Yp from the average 
line of the extracted part resulting from the extraction of apart 
from a roughness curve by a reference length 1 in the direction 
of the average line to the highest peak and the depth Yv to the 
lowest valley therefrom. According to the invention, the ref 
erence length 1 is defined as the maximum amount of dis 
placement in the X-axis direction and the Y-axis direction of 
the positioning apparatus of the invention. 

The thickness of the spacer is equal to or smaller than 50 
um Such that the thickness of the space can be equal to or 
smaller than 50 lum. As a result of experiments, when the 
thickness of the spacer is thicker than 50 um, the space 
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between the unit to be driven in the XY directions and the 
support unit is wider. Thus, the viscosity agent filled in the 
space easily flows in the XY directions. Therefore, the thick 
ness of the spacer is defined to be equal to or smaller than 50 
um. In order to prevent the occurrence of the part where the 
space between the unit to be driven in the XY directions and 
the support unit is narrower than the diameter of the fine 
particles contained in the Viscosity agent, the lowest limit of 
the thickness of the spacer is defined by the relational expres 
sion as described above. 
The fourth invention of the present application is the posi 

tioning apparatus, wherein the unit to be driven in the XY 
directions has a concave on the first Surface side having the 
drive element in the Z-axis direction, the drive element in the 
Z-axis direction is placed within the concave, and the entire 
barycenter of the unit to be driven in the XY directions, the 
drive element in the Z-axis direction and the sample is 
adjusted to bring between the upper Surface and lower Sur 
face, which face in the Z-axis direction, of the drive element 
in the X-axis direction and drive element in the Y-axis direc 
tion. 
The fifth invention of the present application is character 

ized in that the viscosity agent is grease. The sixth invention 
is characterized in that the Viscosity agent is lubricating oil. 
The seventh invention is characterized in that the viscosity 
agent is a gel-like Substance. The grease or viscosity agent 
preferably contains fine particles of 5 um or Smaller in diam 
eter and has a viscosity that does not flow from the space and 
a consistency that is equal to or Smaller than 300 (/10 mm). 
The gel-like substance may be silicone gel. However, it 
should be noted that the resistance in driving increases since 
gel has a high Viscosity. 
The eighth invention of the present application is the posi 

tioning apparatus, wherein the thickness of the space is pref 
erably 5 to 50 m, and in order to prevent the fine particles 
contained in the grease or viscosity agent between the second 
Surface of the positioning apparatus and the facing Surface of 
the Support unit, Rzh is equal to or Smaller than 10 Lim, and 
Rzb is equal to or smaller than 10 um where the maximum 
height indicating the Surface roughness of the second Surface 
of the unit to be driven in the XY directions is Rzh and the 
maximum height indicating the Surface roughness of the fac 
ing Surface of the Supportunit is RZb. 
The ninth invention of the present application is a scanning 

probe microscope including a probe to be brought closely to 
or in contact with a sample and a positioning apparatus that 
positions the sample by moving the sample in an X-axis 
direction, a Y-axis direction orthogonal to the X-axis direc 
tion and a Z-axis direction orthogonal to the X-axis direction 
and the Y-axis direction, wherein the positioning apparatus is 
one of the aforesaid positioning apparatus. 

In the positioning apparatus according to the invention, a 
second Surface, which is a smooth facing Surface against a 
supportunit for a unit to be driven in the XY directions and a 
Smooth facing Surface of the Support unit are faced against 
each other through a space of a predetermined thickness. A 
Viscosity agent is injected into the space to fix the unit to be 
driven in the XY directions onto the support unit. A drive 
element in the Z-axis direction for fast driving is placed on a 
first surface of the unit to be driven in the XY directions, 
which faces against the facing Surface of the Support unit. 

Because of the configuration in the positioning apparatus 
of the invention, the unit to be driven in the XY directions is 
fixed tightly against the Support unit by the Viscosity of the 
Viscosity agent. As a result, the amplitude of the vibrations in 
the Z-axis direction of the unit to be driven in the XY direc 
tions is reduced due to the force applied to the unit to be driven 



US 8,001,831 B2 
5 

in the XY directions when the drive element in the Z-axis 
direction is driven, compared with the state that the unit to be 
driven in the XY directions of the positioning apparatus is not 
in intimate contact with the supportunit but floats. 

In the positioning apparatus of the invention, because of the 
configuration, the unit to be driven in the XY directions is 
fixed against the Support unit tightly by the Viscosity of the 
Viscosity agent. Therefore, the rigidity in the Z-axis direction 
of the unit to be driven in the XY directions is increased, and 
the resonance frequency in the vibration mode in the Z-axis 
direction improves. In other words, the resonance frequency 
of the vibrations in the Z-axis direction increases, and the 
speed of the driving in the Z-axis direction increases. Since 
the lengths in the XY directions of the external form of the 
positioning apparatus having the form as described above are 
longer than the length in the Z-axis direction, the resonance in 
the primary mode may often be the vibration mode in the 
Z-axis direction. However, since the resonance frequency of 
the vibrations in the Z-axis direction improves, the resonance 
frequency in the primary mode that limits the control band of 
the entire positioning apparatus improves. 

In the positioning apparatus of the invention, the unit to be 
driven in the XY directions is in intimate contact with the 
Support unit through the Viscosity agent thinly filled in the 
space. Thus, the Viscosity of the Viscosity agent prevents the 
unit to be driven in the XY directions from floating in the 
Z-axis direction. In addition, the direction of vibrations of the 
unit to be driven in the XY directions is constrained to the 
X-Y plane. Therefore, the movement in the Z-axis direction is 
no longer included in the vibration mode at lower resonance 
frequencies, and the control band in the Z-axis direction is not 
limited by lower resonance frequencies in the XY directions. 

For those reasons, in the positioning apparatus of the inven 
tion, the amplitude of the vibrations in the Z-axis direction of 
the unit to be driven in the XY directions having the drive 
element in the Z-axis direction is reduced, and the resonance 
frequency of the vibrations in the Z-axis direction is 
increased. Furthermore, the speed of the driving in the Z-axis 
direction is increased, and the resonance frequency of the 
vibrations in the Z-axis direction that limits the control band 
of the entire positioning apparatus is improved. Furthermore, 
the movement in the Z-axis direction is not included in the 
vibration mode at a lower resonance frequency, and the con 
trol band in the Z-axis direction is not limited by lower reso 
nance frequencies in the XY directions. As a result, the con 
trollable frequency band in the entire positioning apparatus 
can be improved, and the responsivity in the Z-axis direction 
to be driven at a higher speed can be improved. 

In a scanning probe microscope employing the positioning 
apparatus of the invention as described above, a sample is 
moved in multiple axial directions, and the surface of the 
sample having minute concaves and convexes is tracked in 
measuring the surface form of the sample. Therefore, the 
speed of the responsivity in the Z-axis direction that requires 
the highest responsivity can be increased, and the control 
band in the Z-axis direction can be extended, which can 
increase the speed of measurement. 

In the positioning apparatus according to the invention, the 
first surface having the drive element in the Z-axis direction of 
the unit to be driven in the XY directions has a concave, and 
the drive element in the Z-axis direction is placed within the 
concave. The entire barycenter of the unit to be driven in the 
XY directions, the drive element in the Z-axis direction and 
the sample placed above in the Z-axis direction is adjusted to 
bring between the upper surface and lower surface, which 
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6 
face against each other in the Z-axis direction, of the drive 
element in the X-axis direction and drive element in the Y-axis 
direction. 

In the positioning apparatus of the invention, because of the 
structure, the movement to be twisted in the Z-axis direction 
of the unit to be driven in the XY directions can be prevented 
when it is driven in the XY directions, and the crosstalk in the 
Z-axis direction, which is caused by the operation in the XY 
directions, can be prevented. Therefore, the mix of the move 
ment in the Z-axis direction to the movement in the vibration 
mode at a lower resonance frequency can be further Sup 
pressed, and the control band in the Z-axis direction is not 
limited by a lower resonance frequency in the XY directions. 

In the positioning apparatus of the invention, because of the 
structure, the occurrence of the vibrations in the direction that 
falls in the XY directions the drive element 7 in the Z-axis 
direction can be prevented when it is driven in the XY direc 
tions. Therefore, the mix of the crosstalk in the XY directions 
to the vibrations in the Z-axis direction can be prevented, and 
the precision of the responsivity in the Z-axis direction can be 
further improved. 

In the scanning probe microscope of the invention employ 
ing the positioning apparatus of the invention as described 
above, a sample is moved in multiple axial directions, and the 
Surface of the sample having minute concaves and convexes is 
tracked in measuring the Surface form of the sample. There 
fore, the speed of the responsivity in the Z-axis direction that 
requires the highest responsivity can be further increased, and 
the control band in the Z-axis direction can be extended, 
which can increase the speed of measurement. 

In the positioning apparatus of the invention, when the unit 
to be driven in the XY directions vibrates in the Z-axis direc 
tion, the Viscosity agent is pushed out from the space between 
the supportunit and the unit to be driven in the XY directions. 
However, the viscosity agent is coated by a thickness of 50 um 
or thinner, and the friction based on the viscosity resistance of 
the Viscosity agent is large. Therefore, a significantly small 
amount of the viscosity agent is pushed out, and the Viscosity 
agent is not easily lost. As a result, the amplitude of the 
vibrations in the Z-axis direction of the unit to be driven in the 
XY directions can be suppressed over the long run. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1. It is a schematic diagram of a scanning probe micro 
Scope employing a positioning apparatus according to the 
invention. 

FIG.2 It is a plan view showing a positioning apparatus M1 
in a first embodiment according to the invention. FIG. 2 only 
shows X- and Y-axis directions, and the Z-axis direction is the 
direction orthogonal to the paper. 

FIG. 3 It is a section view taken on the line A-A in FIG. 2, 
that is, the section view taken on the line A-A of the position 
ing apparatus M1. FIG. 3 only shows X- and Z-axis direc 
tions, and Y-axis direction is the direction orthogonal to the 
paper. 

FIG. 4 It is a perspective view showing the positioning 
apparatus M1 in the first embodiment according to the inven 
tion. 

FIG. 5. It is a plan view showing a form of the spacer to be 
used in the positioning apparatus M1 in the first embodiment 
according to the invention. 
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FIG. 6 It is a plan view showing a positioning apparatus in 
a second embodiment according to the invention. 

FIG. 7. It is a section view taken on the line B-B in FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIGS. 1 to 5, a first embodiment of a 
positioning apparatus and a scanning probe microscope 
employing it according to the invention will be described 
below. 
A scanning probe microscope according to this embodi 

ment mainly includes, as shown in FIG. 1, a probe P to be 
brought closely to or in contact with a sample 13, which is a 
Subject, and a positioning apparatus M1 that positions the 
sample 13 by moving the sample 13 in X-, Y- and Z-axis 
directions (FIG. 1 only shows X- and Z-axis directions, and 
the Y-axis direction is the direction orthogonal to the paper). 

The probe Pincludes, as shown in the figure, a cantilever 14 
having a sharpened probe 25 at the free end, a cantilever 
vibrating unit 15that vibrates the cantilever 14 and a vibrating 
power supply 16 for driving the cantilever vibrating unit 15. 
The positioning apparatus M1 on the other hand includes, 

as shown in FIGS. 1 to 5, a stage unit 1 arranged in the XY 
directions having a substantially plate form, a drive element 5 
in the X-axis direction, a drive element 6 in the Y-axis direc 
tion, a drive element 7 in the Z-axis direction and a support 
unit 9. The stage unit 1 has a unit 3 to be driven in the XY 
directions and a fixing unit 2. The unit 3 has a Substantially 
square form in plane geometry Substantially at the center of 
the surface including the X-axis direction and the Y-axis 
direction and has first elastic supports 40a and 40b that bend 
in the X-axis direction on two facing sides and second elastic 
supports 41a and 41b that bend in the Y-axis direction on 
facing two sides. The fixing unit 2 is provided around the unit 
3 to be driven in the XY directions through the first and 
second elastic supports 40a and 40b and 41a and 41b. The 
drive element 5 expands and contracts in the X-axis direction 
and has one end that presses the first elastic Supports 40a and 
40b. The drive element 6 expands and contracts in the Y-axis 
direction and has one end that presses the second elastic 
supports 41a and 41b. The drive element 7 expands and 
contracts in the Z-axis direction and has one end on the side of 
a first surface 3a of the unit 3 to be driven in the XY directions. 
The stage unit 1 includes a first Surface 1a and a second 
surface 1b. The supportunit 9 supports the stage unit 1 in the 
XY directions so that a surface 9a faces against the second 
surface 1b of the stage unit 1. The second surface 1b faces 
against the first surface 1a of the stage unit 1. The drive 
element 7 in the Z axis direction is placed on the first surface 
1a of the stage unit 1. The first surface 1a of the stage unit 1 
is in parallel with the second surface 1b in the XY directions. 

In this case, the first elastic supports 40a and 40b and the 
second elastic Supports 41a and 41b have a function of allow 
ing the independent displacement of the axes when force in 
the X-axis direction or Y-axis direction is applied to the unit 3 
to be driven in the XY directions by driving the drive element 
5 in the X-axis direction and the drive element 6 in the Y-axis 
direction, constraining the direction of driving to the XY 
directions and preventing the crosstalk in the XY directions. 
The unit 3 to be driven in the XY directions, the fixing unit 

2 and the first elastic supports 40a and 40b and the second 
elastic Supports 41a and 41b have an integral structure, which 
is produced by electrical discharge machining from a single 
metallic block, and the top surface and bottom surface in the 
Z-axis direction of each of them are preferably one seamless 
plane. This is for preventing the existence of a friction Surface 
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8 
between the fixing unit 2 and the unit 3 to be driven in the XY 
directions since the existence of mechanical friction between 
the fixing unit 2 and the unit 3 to be driven in the XY direc 
tions disables the repetitive driving at a nanometer level. 
The fixing unit 2 of the stage unit 1 in the XY directions has 

through holes adjacent to the first elastic Support 4.0a and the 
second elastic support 41a. The drive element 5 in the X-axis 
direction and the drive element 6 in the Y-axis direction are 
placed within the through holes. The drive elements 5, 6 and 
7 in the X,Y and Z directions are desirably laminated piezo 
electric element Such as a piezo element in which multiple 
piezoelectric elements that expand in response to the appli 
cation of Voltage are stacked. 
The drive element 7 in the Z-axis direction is bonded and 

fixed onto the first surface 3a of the unit 3 to be driven in the 
XY directions. The drive element 7 in the Z-axis direction is 
fixed within the vertical line from the outer edge of the surface 
of the unit 3 to be driven in the XY directions, which faces 
against the support unit 9, to the Z-axis direction. The bary 
center of the drive element 7 in the Z-axis direction is desir 
ably positioned immediately above in the Z-axis direction of 
the barycenter of the unit 3 to be driven in the XY directions. 
This construction can prevent the mix of vibrations in the XY 
directions of the drive element 7 in the Z-axis direction when 
the unit 3 to be driven in the XY directions is driven in the XY 
directions and allows control with high precision. 
The sample 13 is mounted on the drive element 7 in the 

Z-axis direction, and the probe 25 at the free end of the 
cantilever 14 is placed immediately thereabove so as to be 
close to or in contact with the sample 13. Laser light is 
irradiated from a laser light irradiating unit 17 to the cantile 
ver 14, and the laser light reflected by the cantilever 14 enters 
to a photodetector 18. From the incident position, the amount 
of displacement of the cantilever 14 is detected by a cantilever 
displacement detecting unit 19. The method for detecting an 
amount of displacement as described above is called optical 
lever system. Based on the amount of displacement of the 
cantilever 14, which is detected by the cantilever displace 
ment detecting unit 19, a control unit 20 outputs a control 
signal for the drive element 7 in the Z-axis direction to a 
Z-drive power supply 22, and the drive element 7 in the Z-axis 
direction is driven. Also for the XY directions, the control unit 
20 outputs control signals to XandY drive power supplies 21, 
and the drive element 5 in the X-axis direction and the drive 
element 6 in the Y-axis direction are driven. 

In this way, the positioning apparatus M1 according to this 
embodiment drives the drive element 5 in the X direction, 
presses the first elastic supports 40a and 40b, bends the first 
elastic supports 40a and 40b in the X-axis direction, drives the 
drive element 6 in the Y-axis direction, presses the second 
elastic Supports 41a and 41b, bends the second elastic Sup 
ports 41a and 41b in the Y-axis direction, thus displaces the 
axes independently, changes the position of the unit 3 to be 
driven in the XY directions and moves in the XY directions 
the sample 13 mounted on the drive element 7 in the Z-axis 
direction, which is placed on the unit 3 to be driven in the XY 
directions. Since the sample 13 is placed on the drive element 
7 in the Z-axis direction, the sample 13 is moved in the Z-axis 
direction by the expansion and contract of the drive element 7 
in the Z-axis direction. Therefore, with the construction 
described above, the positioning of the sample 13 is per 
formed by moving the sample 13 in the X-, Y- and Z-axis 
directions. 

In this case, each of the drive element 5 in the X-axis 
direction and the drive element 6 in the Y-axis direction have 
ends in contact with the first elastic support 40a and the 
second elastic support 41a, respectively, as shown in FIGS. 1 
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to 3, and have the other fixed ends in contact with the fixing 
unit 2. The drive element 5 in the X-axis direction and the 
drive element 6 in the Y-axis direction are particularly fixed so 
as to be higher than the second surface 1b of the stage unit 1 
in the XY directions as shown in FIG. 3 and are prevented 
from the contact with the support unit 9 for preventing the 
interfere with the driving. 
The positioning apparatus M1 of this embodiment has a 

space of a predetermined thickness between the Surface cor 
responding to the unit 3 to be driven in the XY directions at 
least of the second surface 1b of the stage unit 1 in the XY 
directions and the facing surface 9a of the supportunit 9 that 
faces against it, and the space is filled with a viscosity agent 
10. 
The thickness of the space is preferably 5 to 50 m and is 

more preferably 10 to 30 lum. 
This is because, as a result of experiments, it is significantly 

difficult to inject a viscosity agent to the space Smaller than 5 
um and it is hard to obtain the advantages of the invention and 
because the space between the stage unit 1 in the XY direc 
tions and the Supportunit 9 is too large if the space is larger 
than 50 um, which results in the flow of the viscosity agent 10. 
In the latter case, the driving in the Z-axis direction vibrates in 
the Z-axis direction the unit 3 to be driven in the XY direc 
tions, and the amplitude in the Z-axis direction of the unit 3 to 
be driven in the XY directions is increased. 

In the positioning apparatus M1 of this embodiment, as 
shown in FIGS. 3 and 5, a spacer 8 is provided in the part 
excluding the unit 3 to be driven in the XY directions of the 
stage unit 1 in the XY directions and excluding the part having 
the through-holes, that is, between the second surface 1b 
corresponding to the fixing unit 2 and the facing surface 9a of 
the supportunit 9, and the thickness of the spacer 8 is equal to 
or smaller than 50 um and is larger than r--(RZb+Rzh)+2 
where the diameter offine particles contained in the viscosity 
agent 10 is r. 
The maximum height Rzh and the maximum height Rzb 

indicate the Surface roughness and are expressed by the Sum 
of the height Yp from the average line of the extracted part 
resulting from the extraction of a part from a roughness curve 
by a reference length 1 in the direction of the average line to 
the highest peak and the depth Yv to the lowest valley there 
from. According to the invention, the reference length 1 is 
defined as the maximum amount of displacement in the 
X-axis direction and the Y-axis direction of the positioning 
apparatus of the invention. 

Since the diameter of the fine particles contained in grease, 
for example, which is often used as the Viscosity agent 10, is 
about 5um, the maximum height Rzh indicating the Surface 
roughness of the second Surface 1b of the stage unit 1 in the 
XY directions and the RZbindicating the surface roughness of 
the facing surface 9a of the supportunit 9 for fixing the stage 
unit 1 in the XY directions are equal to or smaller than 10um 
as a guide such that they can be lower than the diameter of the 
fine particles at the peaks of the concaves and convexes of the 
surface and can be shallower than the diameter of the fine 
particles at the Valleys. 

This is because, as a result of experiments, when the thick 
ness of the spacer 8 is thicker than 50 um, the space between 
the unit 3 to be driven in the XY directions and the support 
unit 9 is wider. Thus, the viscosity agent 10 filled in the space 
easily flows in the XY directions. Then, the unit 3 to be driven 
in the XY directions vibrates when the drive element 7 in the 
Z-axis direction is driven. In order to prevent the occurrence 
of the part where the space between the unit 3 to be driven in 
the XY directions and the supportunit 9 is narrower than the 
diameter of the fine particles contained in the viscosity agent 
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10, the lowest limit of the thickness of the spacer 8 is defined 
by the relational expression as described above. 
As a result of experiments, the thickness of the space is 

preferably 5 to 50 um and is more preferably 10 to 30 um. The 
diameter offine particles contained in generic grease is about 
5 Lim. Therefore, based on the expression above, the maxi 
mum height Rzh and the maximum height Rzb are preferably 
equal to or Smaller than 10 Lum. 
The stage unit 1 in the XY directions is screwed onto the 

support unit 9 through the spacer 8. 
The materials of the stage unit 1 in the XY directions and 

the Supportunit 9 are required to have a high Young's modu 
lus to an extent that the sample 13 of a maximum mass 
expected to be driven by the positioning apparatus M1 is not 
displaced by the amount equal to or larger than the resolution 
in the Z-axis direction of the positioning apparatus M1 by the 
stress caused when the sample 13 is driven in the Z-axis 
direction by a maximum acceleration used in the positioning 
apparatus M1. The mass of the supportunit 9 is required to be 
heavy to an extent that the supportunit 9 does not move in the 
Z-axis direction by the amount equal to or larger than the 
resolution in the Z-axis direction of the positioning apparatus 
when driven under the same condition. 
The viscosity agent 10 to be used in the positioning appa 

ratus M1 in this embodiment may be grease or lubricating oil. 
The diameter of the fine particles contained therein is prefer 
ably 5um or smaller. The viscosity agent 10 preferably has a 
Viscosity that does not flow from the space and a consistency 
that is equal to or smaller than 300 (/10 mm). 

Apparently, in the scanning probe microscope of this 
embodiment, the measurement data obtained by the cantile 
ver displacement detecting unit 19 is transmitted to the con 
trol unit 20 and then to an image data creating unit 23 where 
the measurement data is converted to an image, and the image 
is displayed on a display unit 24. 

Instead of the structure that drives the sample 13 in the X-, 
Y- and Z-axis directions as in the embodiment, the structure 
of the scanning probe microscope may be a structure that 
drives the cantilever 14 in the X-Y- and Z-axis directions by 
the positioning apparatus of this embodiment. The method for 
detecting the amount of displacement of the cantilever 14 is 
not limited to the optical lever system but may be a method 
that detects the displacement of the cantilever by using a 
cantilever with an evaporated distortion gauge. Furthermore, 
a scanning tunnel microscope may be used which uses tunnel 
current instead of the cantilever. 

In a case of the structure that drives the cantilever 14 in the 
X-, Y- and Z-axis directions by the positioning apparatus of 
this embodiment, the resonance frequency in inversely pro 
portional with the /2 power of the mass of the sample 13 is not 
reduced unlike conventional cases, and the structure is not 
limited by the resonance frequency. 

Since, in the positioning apparatus M1 of this embodiment, 
one end of the drive element 7 in the Z-axis direction only 
expands and contracts, a smaller amount of current is only 
required to drive the drive element, instead of the double 
amount of current as in the conventional cases. Therefore, a 
Smaller power Supply can be used, and the costs can be 
reduced. 

Therefore, the positioning apparatus described in this 
embodiment and the scanning probe microscope employing it 
have following advantages. 

1. In the positioning apparatus in which a drive element in 
the Z-axis direction is mounted on the unit 3 to be driven in the 
XY directions, there is a problem that the unit 3 to be driven 
in the XY directions vibrates in the Z-axis direction due to the 
force applied to the unit 3 to be driven in the XY directions 
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when the drive element is driven in the Z-axis direction. 
However, in the positioning apparatus M1 of this embodi 
ment, the unit 3 to be driven in the XY directions has the 
structure in which the unit 3 to be driven in the XY directions 
is supported in the Z-axis direction by the support unit 9 
through not only the first and second elastic Supports 40a, 
40b, 41a and 41b but also the viscosity agent 10. Therefore, 
the unit 3 to be driven in the XY directions is fixed tightly 
against the support unit 9 by the viscosity of the viscosity 
agent 10. As a result, the amplitude of the vibrations in the 
Z-axis direction of the unit 3 to be driven in the XY directions 
is reduced due to the force applied to the unit 3 to be driven in 
the XY directions when the drive element 7 in the Z-axis 
direction is driven, compared with the state that the unit 3 to 
be driven in the XY directions of the positioning apparatus is 
not in intimate contact with the supportunit 9 but floats. 

2. The positioning apparatus M1 of this embodiment has 
the structure in which the unit 3 to be driven in the XY 
directions is Supported in the Z-axis direction against the 
support unit 9 through not only the first and second elastic 
supports 40a, 40b, 41a and 41b but also the viscosity agent 
10. Thus, the unit 3 to be driven in the XY directions is fixed 
against the support unit 9 tightly by the viscosity of the 
viscosity agent 10. Therefore, the rigidity in the Z-axis direc 
tion of the unit 3 to be driven in the XY directions is increased, 
and the resonance frequency in the vibration mode in the 
Z-axis direction improves. In other words, the resonance fre 
quency in the Z-axis direction increases, and the speed of the 
driving in the Z-axis direction increases. Since the lengths in 
the XY directions of the external form of the positioning 
apparatus having the form as described above are longer than 
the length in the Z-axis direction, the resonance in the primary 
mode may often be the vibration mode in the Z-axis direction. 
However, since the resonance frequency of the vibrations in 
the Z-axis direction improves, the resonance frequency in the 
primary mode that limits the control band of the entire posi 
tioning apparatus M1 improves. 

3. In a conventional positioning apparatus having the con 
figuration in which the drive element in the Z-axis direction is 
mounted on the unit 3 to be driven in XY directions, the 
direction of a lower vibration mode may be the synthesis 
direction of the X,Y and Z directions or may be the direction 
of rotation about the Z-axis direction. Inacase of the direction 
of rotation, since the direction is not completely parallel with 
the sample Surface having concaves and convexes, the control 
band in the Z-axis direction to be driven at a high speed is 
limited due to the existence of the lower vibration mode. 
However, in the positioning apparatus M1 of this embodi 
ment, the unit 3 to be driven in the XY directions is in intimate 
contact with the support unit 9 through the thinly filled vis 
cosity agent 10. Thus, the viscosity of the viscosity agent 10 
prevents the unit 3 to be driven in the XY directions from 
floating in the Z-axis direction. In addition, the direction of 
vibrations of the unit 3 to be driven in the XY directions is 
constrained to the X-Y plane. Therefore, the movement in the 
Z-axis direction is no longer included in the vibration mode at 
lower resonance frequencies, and the control band in the 
Z-axis direction is not limited by lower resonance frequencies 
in the XY directions. 

For those reasons, in the positioning apparatus M1 of this 
embodiment, the amplitude of the vibrations in the Z-axis 
direction of the unit 3 to be driven in the XY directions having 
the drive element 7 in the Z-axis direction is reduced, and the 
resonance frequency of the vibrations in the Z-axis direction 
is increased. Furthermore, the speed of the driving in the 
Z-axis direction is increased, and the resonance frequency of 
the vibrations in the Z-axis direction that limits the control 
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band of the entire positioning apparatus M1 is improved. 
Furthermore, the movement in the Z-axis direction is not 
included in the vibration mode at a lower resonance fre 
quency, and the control band in the Z-axis direction is not 
limited by lower resonance frequencies in the XY directions. 
As a result, the controllable frequency band in the entire 
positioning apparatus M1 can be improved, and the respon 
sivity in the Z-axis direction to be driven at a higher speed can 
be improved. 

In the scanning probe microscope of this embodiment 
employing the positioning apparatus M1 of this embodiment 
as described above, the sample 13 is moved in multiple axial 
directions, and the Surface of the sample 13 having minute 
concaves and convexes is tracked in measuring the Surface 
form of the sample 13. Therefore, the speed of the responsiv 
ity in the Z-axis direction that requires the highest responsiv 
ity can be increased, and the control band in the Z-axis direc 
tion can be extended, which can increase the speed of 
measurement. 

In the positioning apparatus M1 of this embodiment, when 
the unit 3 to be driven in the XY directions vibrates in the 
Z-axis direction, the viscosity agent 10 is pushed out from the 
space between the supportunit 9 and the unit 3 to be driven in 
the XY directions. However, the viscosity agent 10 is coated 
by a thickness of 50 um or thinner, and the friction based on 
the viscosity resistance of the Viscosity agent 10 is large. 
Therefore, a significantly small amount of the Viscosity agent 
10 is pushed out, and the viscosity agent 10 is not easily lost. 
As a result, the amplitude of the vibrations in the Z-axis 
direction of the unit 3 to be driven in the XY directions can be 
suppressed over the long run. 
With reference to FIGS. 1, 6 and 7, a second embodiment 

of the invention will be described below. A scanning probe 
microscope of this embodiment has a Substantially identical 
configuration to that of the scanning probe microscope of 
Example 1. 
The scanning probe microscope of this embodiment 

mainly includes, as shown in FIG. 1, a probe P to be brought 
closely to or in contact with a sample 13, which is a Subject, 
and a positioning apparatus M2 shown in FIGS. 6 and 7 that 
positions the sample 13 by moving the sample 13 in X-Y- and 
Z-axis directions, instead of the positioning apparatus M1. 
The configuration of the probe P, the driving mechanism of 

the positioning apparatus M2 and the mechanism of display 
ing measurement results are the same as those of Example 1, 
and the descriptions thereon will be omitted. 
As shown in FIGS. 6 and 7 (where FIG. 6 shows a plan view 

of the positioning apparatus M2, and FIG. 6 only shows X 
and Y-axis directions, and the Z-axis direction is the direction 
orthogonal to the paper, and FIG. 7 shows the section view 
taken on the line B-B of the positioning apparatus M2, and 
FIG. 7 only shows X and Z axis directions, and the Y-axis 
direction is the direction orthogonal to the paper), the posi 
tioning apparatus M2 has Substantially the same configura 
tion as that of the positioning apparatus M1 of Example 1. 
Therefore, the same reference numerals as those of Example 
1 are given to the same components, and the descriptions 
thereon will be omitted herein. 

In the positioning apparatus M2 of this embodiment, the 
first surface 1a having the drive element 7 in the Z-axis 
direction of the unit 3 to be driven in the XY directions has a 
concave 26, and the drive element 7 in the Z-axis direction is 
placed within the concave 26. The entire barycenter of the 
unit 3 to be driven in the XY directions, the drive element 7 in 
the Z-axis direction and the sample (not shown) is adjusted to 
bring between the upper surface and lower surface, which 
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face against each other in the Z-axis direction, of the drive 
element 5 in the X-axis direction and drive element 6 in the 
Y-axis direction. 

According to this embodiment, the drive element 7 in the 
Z-axis direction within the concave 26 is pressed from the 
above against the first surface 1a by a leaf spring 11 to fix the 
drive element 7 in the Z-axis direction within the concave 26. 
Since the upper surface in the Z-axis direction of the drive 
element 7 in the Z-axis direction is lower than the upper 
Surface in the Z-axis direction of the leaf spring 11, a mount 
ing platform 12 on which a sample is to be mounted is bonded 
and fixed to the upper surface of the drive element 7 in the 
Z-axis direction. 

Therefore, the positioning apparatus described in this 
embodiment and the scanning probe microscope employing it 
of this embodiment have following advantages. 

1. In the positioning apparatus M2 of this embodiment, the 
entire barycenter of the unit 3 to be driven in the XY direc 
tions, the drive element 7 in the Z-axis direction and the 
sample is adjusted to bring between the upper Surface and 
lower Surface, which face against each other in the Z-axis 
direction, of the drive element 5 in the X-axis direction and 
drive element 6 in the Y-axis direction. Thus, the movement to 
be twisted in the Z-axis direction of the unit 3 to be driven in 
the XY directions can be prevented when it is driven in the XY 
directions, and the crosstalk in the Z-axis direction, which is 
caused by the operation in the XY directions, can be pre 
vented. Therefore, the mix of the movement in the Z-axis 
direction to the movement in the vibration mode at a lower 
resonance frequency can be further Suppressed, and the con 
trol band in the Z-axis direction is not limited by a lower 
resonance frequency in the XY directions. 

2. In the positioning apparatus M2 of this embodiment, the 
entire barycenter of the unit 3 to be driven in the XY direc 
tions, the drive element 7 in the Z-axis direction and the 
sample is adjusted to bring between the upper Surface and 
lower Surface, which face against each other in the Z-axis 
direction, of the drive element 5 in the X-axis direction and 
drive element 6 in the Y-axis direction. Thus, the occurrence 
of the vibrations in the direction that falls in the XY directions 
the drive element 7 in the Z-axis direction can be prevented 
when it is driven in the XY directions. Therefore, the mix of 
the crosstalk in the XY directions to the vibrations in the 
Z-axis direction can be prevented, and the precision of the 
responsivity in the Z-axis direction can be further improved. 

In the Scanning probe microscope of this embodiment 
employing the positioning apparatus M2 of this embodiment 
as described above, the sample 13 is moved in multiple axial 
directions, and the Surface of the sample 13 having minute 
concaves and convexes is tracked in measuring the Surface 
form of the sample 13. Therefore, the speed of the responsiv 
ity in the Z-axis direction that requires the highest responsiv 
ity can be further increased, and the control band in the Z-axis 
direction can be extended, which can increase the speed of 
measurement. 

It is apparent that the advantages obtained by the position 
ing apparatus M1 and the Scanning probe microscope 
employing it can also be obtained by the positioning appara 
tuS M2 of this embodiment and the scanning probe micro 
Scope employing it. 
What is claimed is: 
1. A positioning apparatus comprising: 
a stage unit extending in first and second directions and 

comprising a first Surface and a second Surface, the stage 
unit comprising: 
a center unit having a Substantially square form in plane 

geometry, 
a first elastic Support arranged to contact two sides of the 

center unit along the first direction, the first elastic 
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Support bending in the second direction on one or 
more sides of the two sides of the center unit; and 

a second elastic Support arranged to contact remaining 
two sides of the center unit along the second direction, 
the second elastic Support bending in the first direc 
tion on one or more sides of the remaining two sides, 
the first direction being orthogonal to the second 
direction; 

a Support unit that Supports the stage unit in the first and 
second directions, wherein a surface of the Supportunit 
faces the second Surface of the stage unit; 

a first drive element that expands and contracts in the first 
direction and has one end that presses the second elastic 
Support; 

a second drive element that expands and contracts in the 
second direction and has one end that presses the first 
elastic Support; 

a third drive element that expands and contracts in a third 
direction orthogonal to the first and second directions, 
the third drive element comprising one end attached on 
a top Surface of the center unit; and 

wherein an object is mounted on the other end of the third 
drive element and the first, second and third drive ele 
ments expand and contract in the first, the second and the 
third directions, respectively, to position the object; and 

wherein the second surface of the stage unit is spaced from 
the surface of the supportunit, and the space is filled with 
a viscosity agent. 

2. The positioning apparatus according to claim 1, wherein 
the thickness of the space is 5 to 50 lum. 

3. The positioning apparatus according to claim 1, wherein 
a spacer is arranged in an area other than the center unit and 
the first and second elastic Supports of the stage unit in the first 
and second directions, and the thickness of the spacer is equal 
to or smaller than 50 um and is larger than r+(RZb+Rzh)/2 
where the diameter offine particles contained in the viscosity 
agentis r, a maximum height indicating the Surface roughness 
of the Surface of the Support unit is RZb, and a maximum 
height indicating the Surface roughness of the second Surface 
of the stage unit is Rzh. 

4. The positioning apparatus according to claim 1, wherein 
the center unit has a concave on the top surface that receives 
the one end of the third drive element, and the entire bary 
center of the center unit, the third drive element and the object 
is adjusted to between top surfaces and bottom surfaces of the 
first drive element and second drive element where the bottom 
Surfaces face against the Surface of the Supportunit. 

5. The positioning apparatus according to claim 1, wherein 
the Viscosity agent is grease. 

6. The positioning apparatus according to claim 5, wherein 
the space is 5 to 50 m, the diameter of the fine particles 
contained in the Viscosity agent is equal to or Smaller than 5 
um, RZhis equal to or Smaller than 10 um, and RZb is equal to 
or smaller than 10 um. 

7. The positioning apparatus according to claim 1, wherein 
the Viscosity agent is lubricating oil. 

8. The positioning apparatus according to claim 1, wherein 
the Viscosity agent is a gel-like Substance. 

9. A scanning probe microscope comprising: 
a probe to be brought closely to or in contact with the 

object; and 
the positioning apparatus according to claim 1 that posi 

tions the object by moving the object in the first direc 
tion, the second direction orthogonal to the first direction 
and the third direction orthogonal to the first direction 
and the second direction. 


